Angiotensin II (A II) produces a contraction of visceral and vascular smooth muscles of different species. The accompanying electrophysiological changes were measured on strips of rat myometrium at 35°C using the double sucrose-gap technique. A II at concentrations from 5 x 10"'° to 10~* M produces a depolarization and an increase in membrane conductance. This increase in membrane conductance is not membrane potential dependent since it is observed even when the membrane potential is maintained at the resting level. When all Na* in the test solution is replaced by either Li + or Mg 1 *, the depolarizing effect of 10"' M A II is either markedly reduced or abolished. Under these conditions, A II produces a small initial hyperpolarization, which is modified by external potassium concentration changes and abolished by tetraethylammonium chloride. When all Cl" is replaced by either NO'i or cyclohexanesulfamate, A II (10"* M) still produces a 20-mV depolarization. The removal of extracellular Ca 1+ or K + does not have any effect on the depolarizing action of A II, which also is not changed by 10"' M ouabain. In conclusion, A II produces a depolarization of the uterine smooth muscle membrane through an increase in the membrane conductance to Na + . The membrane conductance to potassium is increased simultaneously. The contraction induced by A II shows two components: a phasic component triggered by the Ca >+ entry associated with spike production and a tonic component due to the release of Ca 1+ from intracellular stores. Ore Res 45: 234-243, 1979 
ANGIOTENSIN II (A II) is an octapeptide which is produced in either the blood or the tissues through the action of renin, a renal enzyme, on a precursor protein, (for review see Peach, 1977) . A II acts on many different systems; it contracts vascular and visceral smooth muscles, enhances the Na + and water permeability of intestinal and renal epithelia (Crocker and Munday, 1970; Munday et al. 1972) , stimulates the thirst and vasopressor centers in the centra] nervous system, and in some species it increases mdosterone secretion (Peach, 1977) .
The purpose of this work was to study the mode of action of A II on the membrane permeability of smooth muscle cells. We chose as a model, rat myometrium, a visceral smooth muscle which is very sensitive to the hormone (Khairallah and Page, 1961; Regoli and Vane, 1964) and which produces a contraction with an ED50 of 2 X 10" 9 M when the rat is primed with estrogens prior to the experiment (Baudouin-Legros et al., 1974) . Even though rat myometrium may not be a physiological target organ for A II, it constitutes a more convenient model for electrophysiological and ionic permeability studies than vascular smooth muscles.
There are a few published studies on the mode of action of A II on smooth muscle membrane potential. Ohashi et al. (1967) found that the peptide produces a depolarization and an increase in the spike frequency of guinea pig Taenia coli. Similarly, Somlyo and Somlyo (1970) have shown that A II depolarizes rabbit pulmonary artery, rabbit thoracic aorta, and dog renal artery smooth muscle cell membrane. No attempt was made in the abovecited studies to determine the origin of the membrane potential changes. To clarify this point, we examined the action of A II on the membrane potential and contraction of rat myometrium, measured simultaneously by the sucrose gap method (Biilbring and Tomita, 1969) ; the examination of the effects of the peptide in the presence of solutions of varying ionic composition was necessary to identify the ionic channels involved.
Methods
Myometrial strips were obtained from female Wistar rats weighing between 220 and 250 g and injected 24 hours before the experiment with diethylstilbestrol dipropionate, 0.5 mg/kg. This estrogen treatment increases the size of the uterus and the number of nexus in the tissue, and decreases the intercellular space (Bergman, 1968) . Kuriyama and Suzuki (1976) also have shown that, under these conditions, there is an increase in the length constant of rat myometrium. The preparations were dissected in a calcium-poor physiological solution (same composition as solution I, Table 1 , except that Ca 2+ = 0.8 mix). Myometrial strips were obtained after carefully removing the endometrium. Each strip (0.5 to 1 mm wide, 100 /im thick, and 30 mm long) is constituted of several bundles of smooth muscle cells. After dissection, a silk thread was tied at each end of the strip. The preparation without washing; this empirical procedure appeared to prevent contracture and to facilitate the recovery after dissection (Vassort, 1975) . Before the experiment, the preparation was equilibrated for 20-30 minutes in the normal oxygenated physiological saline solution (PSS), (solution I, Table 1 ) at 37°C. The electrical and mechanical activity was recorded by the double sucrose-gap method (Biilbring and Tomita, 1969) . The central node (superfused by the PSS) was about 1 mm long. The tension of the preparation was recorded isometrically by a force transducer. All the solutions bathing the tissue were isotonic and thermostated at 37°C.
Solutions Used
The solutions used are shown in Tables 1 and 2. The bicarbonate-buffered solutions were gassed with a 95% O 2 -5% CO 2 mixture, and Tris [Tris (hydroxymethyl) aminomethane] -buffered solutions were gassed with pure oxygen. All solutions had a pH of 7.4. The sucrose solution used for isolation in the sucrose-gap apparatus was an isotonic solution (92 g/liter), deionized on Amberlite MB3 resin before use to obtain a 3-4 MB cm resistivity.
Drugs Used
A II was obtained from Ciba, as Hypertensin (1 Asn-5 Val-angiotensin II). Tetraethylammonium chloride (TEA) was obtained from BDH Chemicals Ltd., and Tris was from Sigma Chemical Co.
Results
After being installed in the sucrose gap, the strips present a spontaneous electrical activity which disappears usually in less than 5 minutes. When the spontaneous activity ceases, it is possible to induce spikes by electrical stimulation. We have applied alternatively hyperpolarizing current pulses (in-ward current) and depolarizing current pulses (outward currents) at 30-second intervals, each rectangular pulse being of 2 seconds duration. The depolarizing pulses induce one or several spikes, 20-45 mV in amplitude, depending on the tissues. The amplitude of the spikes is sometimes low compared to microelectrode measurements-about 65 mV for estrogen-treated, castrated rats (Marshall, 1959) . This discrepancy may be due to an important short circuit current in some preparations or to the shunting by quiescent cells. Each spike is accompanied by a phasic contraction.
Action of A II on Membrane Potential and Contraction
A II produces a depolarization of rat myometrium with a threshold at concentrations from 5 X 10~1 0 M to 10" 9 M. At these low concentrations, depending on the preparation, there is either a small depolarization ( Fig. la) or slow oscillations of the membrane potential with bursts of spikes arising during the depolarizing phase and phasic contractions accompanying the spikes. At the higher concentration of 10" 6 M, which is about 10 times higher than that required to produce a maximum contraction of rat myometrium (Baudouin-Legros et al., 1974) , A II induces a depolarization which usually attains 20 mV with superimposed spikes. This depolarization is associated with an increase in the membrane conductance as shown by the decrease in electrotonic potentials induced by hyperpolarizing constant current pulses. Both effects fade rapidly, even during the continuous perfusion of the peptide (Fig. lb) , which suggests a rapid desensitization of the preparation. Coincident with the depolarization and the spikes, there is, at the beginning, a tonic contraction followed by phasic contractions, during the fading of A II action. VOL. 45, No. 2, AUGUST 1979 NORMAL PSS The increase in the input conductance observed under these circumstances may be due to a primary effect of the peptide on the membrane resistance, or, on the contrary, it may be secondary to a depolarization produced by some other mechanism. To exclude this possibility, we have examined the action of A II on membrane conductance under conditions in which the membrane potential is maintained at its resting value by applying a con* tinuous hyperpolarizing current equal to the depolarizing current induced by A II (Fig. 2) . These experiments show that the peptide has a direct effect on membrane conductance. On the other hand, the contraction does not seem to be exclusively dependent on a variation of the membrane potential, since A II still is capable of producing a residual tonic contraction that is simultaneous with the increase in membrane conductance. The size of the residual contraction is about one-third of that observed without clamping. The increase in membrane conductance is the same (about 60% decrease of the amplitude of the electrotonic potentials) when the membrane depolarizes normally or when the membrane potential is maintained at its resting value by a hyperpolarizing current. Figure 2 also shows clearly that the fading of the action of A II on membrane conductance begins before washing out the peptide.
The increase in conductance produced by A II might be due to the opening of additional ionic channels in the membrane, resulting from the activation of angiotensin receptors, just as it has been ' jiQmV 1 At" 10-'II '
The membrane potential was maintained at its resting level by applying a hyperpolarizing current (between the two arrows on the upper trace) matching the depolarization induced by the hormone. It was very difficult to hold the membrane potential in the presence of higher concentrations of A II. For this reason, in this kind of experiment, (see also Fig. 7 ), A II was applied at a 10' 7 M concentration.
shown for neurotransmitters (Ginsborg, 1967) . To know which ionic species are involved in the depolarizing action of A II, we have examined the effects of the peptide on the membrane potential after different ionic substitutions.
The following experiments were performed using a high concentration of A II. Under these conditions, it is easier to detect any change produced by the ionic substitution in the equilibrium potential of the ionic channels in the cell membrane opened by A II (Bolton, 1973b) .
Effects of Na + Substitution on the Depolarization Induced by A II Substitution by Li*
If Na^ is involved in the production of depolarization, the removal of this ionic species from the bathing medium should decrease the amplitude of the depolarization induced by A II.
When all external Na + is replaced by Li + (solution IV, Table 1 ), there is a small hyperpolarization followed by a transitory depolarization ( Fig. 3a) . A small tonic contraction is sometimes observed following Na + substitution (not visible on Fig. 3 ). Ten to 20 minutes after exposure to the Li + solution, the myometrium shows a biphasic response to AII (Fig.  3b ): a transitory hyperpolarization, 5 mV or less in amplitude, and 10 seconds in duration, is followed by a depolarization of 5-10 mV, always smaller than the effect produced by the peptide in the presence of PSS. The membrane conductance is increased by A II in the presence of Li + -substituted solution as shown by the nearly complete disappearance of electrotonic potentials induced by hyperpolarizing constant-current pulses.
Sodium Substitution by Mg* +
To clarify the previous results, we have studied the effects of A II in solutions in which Nig 2 " 1 " replaced Na + (solution III, Table 1 ). As has been shown by Brading (1975) , when Mg 2+ is used as a substitute for Na + , no abnormal membrane leakage occurs, as is observed with sucrose, Tris, or dimethyldiethanol ammonium chloride. When the PSS is replaced by the Mg 2+ solution, there is a transitory hyperpolarization followed by a depolarization of varying amplitude, slowly decreasing, reversing to a hyperpolarization of about 10 mV and stabilizing after 15 minutes (Fig. 4a ). This slow hyperpolarization is accompanied by a decrease in the amplitude of electrotonic potentials. As in the previous experiments, the decrease in extracellular [Na + ] produces a tonic contraction. When A II is applied to the myometrium after 18 minutes of exposure to the "zero" Na + , Mg 2+ -substituted solution, a biphasic response is observed again. A brief hyperpolarization precedes a very weak and short-lasting depolarization (Fig. 4b ). After longer exposures to the "zero" Na + solution (20 minutes), the peptide ]20mV 0.5g FIGURE 4 (a) The normal PSS solution was replaced by a "zero" Na + , Mg 1 * -containing solution (indicated by the arrow), (b) action of A II (Atn), 10~e M, applied after 18 minutes in a magnesium medium.
produces only a transitory hyperpolarization of about 5 mV, the depolarization being suppressed. It must be emphasized again that even if the depolarizing action of A II is suppressed in the absence of extracellular Na + , the exposure of the muscle to the peptide is accompanied by a weak tonic contraction.
Effects of Chloride Substitution on the Depolarizing Action of A II Substitution by NO 3Ĩ
n the following experiments, all external Cl~ was replaced by NO 3 " (solution HI, Table 2 ), an anion which is more permeant than Cl~ itself (Csapo and Kuriyama, 1963) . The NO 3~ solution produces a gradual depolarization which stabilizes 7-8 minutes later, accompanied by an increase in membrane conductance and electrical activity. When applied after 12 minutes of exposure to the "zero" Cl~, NO3~-substituted solution, the depolarizing effect of 10~6 M A II is not noticeably affected if measurement starts from the actual membrane potential level, but it appears appreciably increased if measured from the baseline membrane potential.
Cr Substitution by Cyclohexanesulfamate
Cl~ was partially substituted by cyclohexanesulfamate, a large anion which is supposed to be less permeant than Cl" (solution IV, Table 2 ). When all NaCl is replaced by cyclohexanesulfamate, there is a gradual depolarization which develops faster than in the case of Cl~ replacement by NO 3~. This depolarization is accompanied by bursts of spikes. As in the previous experiments, under these conditions, the depolarizing action of A II appears increased when it is measured from the baseline level.
Action of TEA on the Transitory Hyperpolarization Induced by A II in Na + -Substituted Solutions
Given the ionic distribution in rat myometrium, the only major ionic species having an equilibrium potential more negative than the membrane potential is K + (Hamon et al., 1976) . Consequently, it might be supposed that the transitory hyperpolarization induced by 10~* M A II may be due to the direct activation of a K + conductance. To confirm this hypothesis, we have examined the action of A II on strips exposed to a "zero" Na + , Mg 2+ -substituted solution containing 20 mM TEA, which blocks K + channels (Hille, 1967) . After 10-20 minutes of exposure to this solution, the hyperpolarization usually produced by the peptide in "zero" Na + solution is suppressed in most cases or at least is diminished (Fig. 5a ).
Effect of High K + Solutions on the Transitory Hyperpolarization Induced by A II in Na + -Substituted Solutions
If the transitory hyperpolarization is really due to an increase in K + conductance, its amplitude VOL. 45, No. 2, AUGUST 1979 • * * • • 0.5g must be dependent on the equilibrium potential for K + (E K ). During a short exposure to a solution containing 14.8 mM K + , [K + ]i should not change appreciably. Under these conditions EK becomes -64 mV. After 15 minutes in a solution containing no sodium and 14.8 mM K + , the membrane potential is about 7 mV more negative than the resting value in normal PSS, so the membrane potential comes very close to E K . Then an activation of K + conductance should not change E m . Indeed, no hyperpolarization is observed when myometrial strips previously equilibrated with a "zero" Na + , Mff +substituted solution containing 14.8 mM K + (solution V, Table 1) are exposed to A II 10" 6 M (Fig.  5b) . This last observation, in conjunction with the TEA effects, indicate that the transitory hyperpolarization is due to a primary increase in K + conductance. The lack of hyperpolarizing effect of A II on myometrial strips exposed to a PSS can be explained by the concomitant activation of membrane conductance to Na + (gN«+) • At the beginning of the exposure to the peptide, the simultaneous activation of K + conductance (gK+) and gN«+ could annul their possible effects on membrane potential. This may explain why we often can observe an increase in the input conductance before the start of the depolarizing action of A II (Fig. 5c ).
Action of Ca 2+ Substitution on the Response to A l l
To know the role of external Ca 2+ in the electrical and mechanical response to A II, we have studied the action of the peptide on myometrial strips in the presence of a solution in which Ca 2+ has been replaced by glucose or MgCl2 (solution I, Table 2 ) without the addition of a Ca 2+ chelator. After the removal of Ca 2+ , slow and small oscillations occur, sometimes followed by a depolarization of a few millivolts amplitude. In most cases, the size of the electro tonic potentials is slightly diminished. The spikes and the associated contractions disappear rapidly. After 10 minutes of exposure to the "zero" Ca 2+ solution, A II produces a depolarization of a similar or sometimes larger size than in the control state, without spikes, accompanied by an important increase in the input conductance and a small contraction (Fig. 6) . The depolarization decreases more rapidly than in PSS. If a second application of A II is made after a longer exposure to the "zero" Ca 2+ solution (25 minutes), the same depolarizing effects are obtained, but the contraction at this time is either weak or suppressed.
To exclude further any possible primary effect of A II on calcium conductance (gca^) ,we have tested the action of A II in the presence of a solution containing 2.5 mM Ca 2+ and 2 mM Mn 2+ . This Mn 2+ concentration is sufficient to block the action potentials of the uterus. Under these conditions, A II still produces a depolarization similar in size to that in PSS (results not shown). To know whether the tonic contractions produced by A II in preparations in which the membrane potential is held at the resting level by a controlled inward current are due to a transmembrane leakage of Ca 2+ , we have performed similar experiments in the presence of a solution containing 5 mM Mn 2+ . Under these conditions, A II still increases the input conductance of myometrial strips. Its effect does not seem to be affected by the blockade of g c^ produced by Mn 2+ , although the conductance returns much more slowly to its initial values following A II washout. Similarly, the size of the tonic contraction is not modified, even if it appears shortened in the presence of Mn 2+ (Fig. 7b) .
Action of K + Substitution and Ouabain on the Depolarizing Effect Induced by A II
When the PSS is replaced by a solution containing no K + (solution II, Table 2 ), a slow depolarization occurs, which stabilizes at about 10 mV above the basal membrane potential after 10-12 minutes (Fig. 8) . This result may be explained by the inhi- bition of the Na + -K + pump, which appears to be electrogenic in rat myometrium. The size of the response to A II applied 10 minutes after the beginning of the exposure to the "zero" K + solution is not much modified if measured from basal membrane potential. To confirm the electrogenic characteristics of the pump in this tissue, we readmitted K + to the bathing solution. This produced a fast hyperpolarization 15 to sometimes more than 25 mV negative to the basal membrane potential (Fig.  8c) . The experiments performed using 10~3 M ouabain gave quite similar results (Fig. 9 ). On addition of ouabain, the cell membrane depolarizes. When A II is applied to the muscle, the size of the depolarization is identical to that obtained in normal solution (the mechanical response of the preparation in Figure 9b was very small, but this was not related to the presence of ouabain, since the amplitude of the contraction was identical in normal PSS). The depolarization is always preceded by a small transitory hyperpolarization. As soon as ouabain is removed from the bath, the membrane repolarizes. These experiments exclude completely any direct stimulatory effect of A II on the Na + -K + FIGURE 7 (a) Action of A II (At,,) , 1CT 1 M, in normal PSS. The membrane potential was maintained at its resting level as in Figure 2. (b) Action of A II, 10' 1 M, after 13 minutes in PSS containing 5 mM manganese. The membrane potential was maintained at its resting level. The maximal amplitude of the contractions induced by A II is the same in the two experiments; however, in manganese-containing solution, the amplitude of the contraction decreases more rapidly.
pump. On the other hand, it should be noted that ouabain slows the fading of the depolarization observed in the continuous presence of A II (compare Fig. lb and Fig. 9 ).
Discussion
A II has a direct effect on the cell membrane of rat myometrium characterized by a rapid increase in input conductance, immediately followed by a depolarization and bursts of spikes. A depolarization in this smooth muscle could be due to an increase in either g N «+, gci-, or gc* + given the ionic distribution in this tissue (Hamon et al., 1976) . Since the depolarization induced by the peptide generates bursts of spikes during the entire duration of the plateau, it is difficult to estimate the reversal potential of the ionic channels operated by the hormone, using the current clamp method (Ginsborg, 1967) . Therefore, we have chosen to examine the effects of A II on the membrane potential and conductance in the presence of different ion-substituted solutions.
When all external Na + is replaced by Li + , A II produces a depolarization smaller than that observed in normal PSS. The residual depolarization observed under these conditions may be explained by a passage of Li + ions through Na + channels which have a lower permeability for Li + than for Na + . To confirm the results obtained with the Li +containing solution, we have studied the effects of A II in the presence of solutions in which Na + was VOL. 45, No. 2, AUGUST 1979 w.^F -n l20m,V FIGURE 8 (a) At the arrow, the normal PSS was replaced by a " zero" potassium solution; (b) action of A II (Atn) after 11 minutes in the medium containing no potassium, (c) At the arrow, the normal PSS was reintroduced (potassium was readmitted) 10 minutes after removal of potassium from the external medium. Record of panel c was obtained from a preparation different from that used for panels a and b. BMP: basal membrane potential in normal PSS.
replaced by Mg 2+ . These experiments with solutions in which Na + was replaced by Li + or Mg 2 * indicate that the peptide induces a primary increase in gNa+ since the total replacement of Na + by Li + or Mg 2 * reduces markedly or suppresses, respectively, the depolarization induced by A II. Our results confirm findings by others who have shown that A II produces a shift of extracellular Na + into the smooth muscle cells (Friedman et al., 1959; Friedman and Allardice, 1962; Villamil et al., 1970) . We also have observed that the decrease in extracellular Na + produces a tonic contraction similar to that observed by Mironneau (1973) on the same preparation. This effect of [Na + ] o reduction might be explained by an increase in Ca 2+ influx and a decrease in Ca 2+ efflux as shown for the heart (Reuter and Seitz, 1968 ) and the axon (Baker et al., 1969; Blaustein and Hodgkin, 1969) . Additionally, the results obtained with Na + -replaced solutions indicate that the initial hyperpolarization observed in the absence of extracellular Na + is due to a direct activation of gK* by A II. Indeed, the hyperpolarization is suppressed in most cases or at least decreased by 20 mM TEA. The failure of TEA to always block the hyperpolarization can be explained by a difference in TEA sensitivity from preparation to preparation, but it may also be that different classes of pharmacologically distinct K + channels exist in cell membranes of smooth muscle, as has been shown for molluscan neurones (Thompson, 1977) . This hyperpolarization is also suppressed by 14.8 mM [K + ] o (a concentration which equalizes EK and E m when Na + is eliminated from the external medium). The initial activation of gK* could limit the depolarization induced otherwise by the opening of Na + channels.
We have not been able to confirm the findings of Tiirker et al., (1967) for rat uterus. These authors found that A II increases Na + efflux and that this effect, as well as the contraction, was inhibited by ouabain. They concluded that the myogenic action of A II operates through stimulation of the Na + -K + pump. To confirm or discard this possibility, we have examined the effects of A II after blockade of the pump either by ouabain or by the removal of external K + . Our electrophysiological studies exclude the possibility of a direct stimulatory action of A II on the Na + -K + pump. As is shown in this paper, and confirming the findings of Taylor et al. (1970) , the rat uterine smooth muscle seems to possess an electrogenic Na + pump, although this conclusion is not universally accepted (Kao, 1977) . A stimulation of the pump then should produce a hyperpolarization of the membrane. On the contrary, A II produces a depolarization which is not appreciably affected by removal of K + or by 1 mM ouabain. It has been shown previously by Bolton (1973a) that the size of the depolarization induced by acetylcholine in the separated longitudinal muscle of guinea pig ileum was limited by the stimulation of the electrogenic Na + pump. The pump was activated secondarily to the increase in Na + influx and K + efflux due to the primary action of acetylcholine on g N «+ and gK + • In our hands, ouabain did not modify the size of the depolarization induced by A II, but it slowed down appreciably the fading of the response. Although it is difficult to compare our results with the findings of Tiirker et al. (1967) , who used whole uterine horns, it may be possible to explain the discrepancy between their findings and the present results on the grounds of a stimulation of the pump secondary to the effect of the hormone on gNa + and gK*-Their experimental conditions, being different from ours, might have permitted the detection of an increased ouabain-sensitive efflux due to the accumulation of intracellular Na + . We have been able to observe that ouabain slows the fading of the depolarization produced by A II. This result suggests that tachyphylaxis to the peptide may be at least partially due to an activation of the electrogenic Na + pump secondary to the increase in [Na + ], which is produced by the opening of Na + channels as well as to the local increase in [K + ] o due to an increased g K + (Bolton, 1973a) . It should be stated, nonetheless, that the fading of the response to A II cannot be attributed exclusively to the secondary stimulation of the Na + pump, since the repolarization of the membrane observed during the continuous exposure to A II is accompanied by a simultaneous decrease in the input conductance. This phenomenon could be either the primary event which produces the tachyphylaxis or it may be secondary to the desensitization of A II receptors. Even if the participation of Na + in the depolarization appears preponderant, an involvement of Cl" and Ca 2+ could not be excluded a priori. However, since the membrane potential values may be affected by the alteration of the liquid junction potentials induced by a change in the Cl~ concentration, it does not seem possible to ascertain the role of Cl~ ions from the experiments performed in the absence of Cl~ (replaced by NO.i~ or cyclohexanesulfamate). On the other hand, the modifications of membrane resistance induced by the chloride substitutions make it difficult to draw any definite conclusion concerning the participation of chloride ions in the depolarizing action of A II. The calcium conductance does not appear to be stimulated primarily by A II, since there was no change in either the size of the depolarization or the increase in the membrane conductance when the hormone was applied in the presence of a "zero" Ca 2+ solution.
The present work shows that in rat myometrium the relationship between the excitation process and the excitation-contraction coupling is not yet completely solved. When exposed to a physiological salt solution, the sequence of electrical and mechanical phenomena induced by A II in uterine smooth muscle is as follows: (1) there is a rapid initial depolarization which triggers the discharge of spikes; (2) simultaneous with the depolarization, and before any spike production, a tonic contraction starts; (3) coincident with the spikes, phasic contractions are superimposed on the tonic contraction; (4) once the desensitization starts, and during the washout of the hormone, the relaxation of the muscle follows the fading of the membrane depolarization with occasional phasic contractions which are simultaneous with the spikes. Our results confirm previous findings (Boev et al., 1976; , since it seems to be possible to distinguish in this tissue two kinds of contractions: phasic, dependent on spike discharge, and tonic, nonrelated to changes in membrane potential. The source of Ca 2+ during the phasic contractions seems to be the extracellular Ca 2+ , since they disappear completely when the tissue is perfused with the "zero" Ca 2+ solution. Indeed, it has been demonstrated previously (Abe, 1971; Mironneau, 1974; Vassort, 1973; Vassort, 1975 ) that in uterine smooth muscle the ascending phase of the spike is the result of a potential-dependent activation of go** and that every spike is associated with a phasic contraction. Conversely, in addition to this phasic contraction, it seems possible to contract the rat myometrium with A II, even in the absence of any rapid or slow depolarizing step. However, the technique used to maintain the membrane potential at its resting value does not permit us to be certain that the clamping was absolutely correct and uniform in the whole volume of the central node. It may be possible that some cells have depolarized a few millivolts, and this possibly could not be detected by our method.
The tonic contractions do not seem to be dependent on a primary increase in gc,j+, since they are not affected by Mn 2+ . The residual contraction still could be due to an increase in [Na + ],, which could reduce transmembrane Ca 2+ efflux through the Ca 2+ -Na + exchange mechanism, but this possibility seems excluded, since the Mn 2+ concentration we have used blocks Ca 2+ diffusion and reduces markedly the Na + -Ca 2+ exchange (Russell and Blaustein, 1974; Horackova and Vassort, 1979) . There is an alternative explanation for the residual tonic contraction induced by the peptide even when the transmembrane calcium movements are blocked: the cation may be released from intracellular stores. It is impossible to characterize these stores in rat myometrium at the moment, but they seem to be of a small size and closely dependent on extracellular Ca 2+ , since in the presence of a "zero" Ca 2+ solution (see Fig. 6 ), A II induces only one weak tonic contraction. The role of intracellular Ca 2+ stores in the response of vascular smooth muscle to A II was shown by Baudouin-Legros and Meyer (1973) who found that A II decreased the binding of Ca 2+ to membranes from rabbit aorta. This confirms the findings of Somlyo and Somlyo (mentioned in Devine et al., 1972) , who observed that A II could stimulate contraction of rabbit aortic strips in K + -depolarizing, Ca 2+ -free solutions. On the other hand, probably due to a failure in the preparation, it has not been possible to show any effect of the peptide on membrane fractions of rat myometrium (Rangachari et al., 1976) . Our results also confirm the findings of Grosset and Mironneau (1977) , who studied the mode of action of prostaglandins on the rat uterus. These authors found a dissociation between the membrane and contractile effects of these substances. Similarly, recently it has been shown that low concentrations of norepinephrine can contract the rabbit main pulmorary artery before the appearance of any membrane potential change . On the other hand, norepinephrine exerts its contractile effect on the rabbit ear artery without changing, at any of the concentrations tested, the membrane potential (Droogmans et al., 1977) . The above-mentioned findings indicate that the tonic contractions induced by A II, as well as other spasmogens, may be the result of a pharmacomechanical coupling (Somlyo and Somlyo, 1968) .
In conclusion, A II produces a contraction which appears to be the result of two simultaneous components: a phasic and a tonic component. The primary slow depolarization induced by the peptide is due to the activation of gN.+ and attenuated by the concomitant enhancement of g«+. The initial depolarization activates the electrically dependent gca^ and gx+, which induce the rapid changes in membrane potential associated with the spike production. The increased transmembrane entrance of Ca 2+ occurring during the ascending phase of the spike seems to be indispensable to trigger the phasic contractions. The tonic contractions appear to be the consequence of the release of Ca 2+ bound to intracellular stores or the decrease of Ca 2+ reuptake by these stores, possibly through a pharmacomechanical coupling.
